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ABSTRACT 


The impedance source inverters can step up the voltage and hence, they are greatly 
preferred for photovoltaic applications. There are many impedance and quasi 
impedance network topologies available. The key factor in selection of topology is the 
amount of voltage gain obtained along with the reduced number components. This 
paper compares some of the impedance and quasi - impedance source inverter (qZS1) 
topologies for photovoltaic applications namely, switched coupled inductor qZSI, 
switched ZSI, enhanced-boost quasi ZSI with continuous and discontinuous source 
current topologies, enhanced -boost active qZSI, switched-boost ZSI and high gain 
switched boost inverter. The parameters taken for comparison are voltage gain, boost 
factor, voltage, and current stresses on the components etc. Based on the comparison, 
the high gain switched boost ZSI is found to have high voltage gain along with reduced 
voltage and current stress. The review will be useful for researchers working in 
impedance source inverter network. 
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1. INTRODUNCTION 


The need and utility of renewable energy sources have increased tremendously in recent years. 
The light energy obtained from sun is converted into electrical energy by the means of 
photovoltaic cells. The electrical energy thus obtained is of direct current and hence for 
applications requiring alternating current supply, the direct current obtained from the 
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photovoltaic cells needs to be converted into alternating current by means of inverter. Among 
the different types of inverter topologies available, the ZSI topologies are considered in the 
paper. The categorization of ZSI presented in this paper is depicted in Figure 1. 


The load voltage is always lesser than the source voltage in conventional voltage source 
inverters. But for photovoltaic applications the input voltage is required to be boosted. Thus, 
while using the conventional VSI, it requires an additional DC — DC converter interface. This 
additional converter increases the losses as well as cost of the system. Therefore, the ZSI are 
preferred[1]. In the ZSI, the inverter has inherent boosting capabilities and thus, the need of the 
intermediate stage of voltage conversion is eliminated. The main limitation of impedance 
source inverter are discontinuous input current which leads to high input current ripple, large 
inrush current and high voltage stress across capacitors. With the help of qZSI, these constraints 
are suppressed [2][3]. This not only has the feature of boosting the input voltage but also its 
source current 1s continuous which results in the reduction of input current ripples along with 
lower voltage stress on components and dc source and H - bridge is connected to a common 
ground. 





Figure 1 Catagorization of ZSI 


But the trade-off that lies between the modulation index(M) and the shoot through duty 
cycle(D), restricts the voltage gain (G) of both the topologies. The relationship of M and D 1s 
given as M < 1-D[4] for sinusoidal pulse width modulation (SPWM). Therefore, increased 
shoot through ratio results in decreased modulation index. Having a lower M value, reduces the 
quality of output waveform. Hence, to improve the voltage gain of the inverter, modified 
impedance and quasi-impedance source inverters are used. One method of improving the gain 
value is to use switched capacitors or active switched capacitors and switched inductors (SL)/ 
switched coupled inductors (SCL) instead of traditional inductors in the network[4] — [21]. This 
has improved voltage gain yet due to the leakage inductances in the coupled inductor the output 
voltage has spikes superimposed on it. Without using transformers or coupled inductors the 
enhanced boost qZSI topologies provide higher voltage gain values using additional passive 
components (EB - qZSI) [22] — [26]. However, addition of a greater number of passive 
components to the network increases the losses associated with them and hence the efficiency 
is reduced. The reduction in number of passive components 1s achieved by replacing some of 
them with an active switch 1.e., active switched networks [27] — [34]. In active switched Z 
source inverter (SZSI), higher voltage gain values are obtained with smaller duty cycle ratio 
which in turn gives space to operate the H- bridge inverters with high modulation index value. 
In order to further enhance the boosting capabilities of the inverter, switched boost topologies 
were introduced [35 ]-[39]. By incorporating better pulse width modulation, better performance 
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of the inverter can be achieved [40]-[43]. Some of these switched inductor, enhanced boost and 
active switched and switched boost topologies are compared and presented in this paper. 


2. STUDY OF IMPEDANCE SOURCE INVERTERS 


2.1 Impedance Source Inverters (ZSI) 


The circuit topology of conventional ZSI [1] 1s given in Figure 2. It consists of a combination 
a pair of capacitors, a pair of inductors along with the conventional H — bridge inverter. The 
addition of the impedance network enables a shoot through operation of the inverter where 
switches belonging to the same leg conducts simultaneously and 1s responsible for the boosting 
of input voltage. But the inverter input current is discontinuous causing high input current 


ripple. 
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Figure 2 Topology of the ZSI 
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Figure 3 Topology of the qZSI inverter 


2.2 Quasi Impedance Source Inverters(qZSI) 


The quasi - impedance source inverter [2] has a diode in addition to the passive components of 
the impedance source inverter. The operation of the qZSI is same as ZSI but has a continuous 
source current. Hence, the current ripple of the source is minimised significantly. Figure 3 
depicts the network topology of qZSI. 


2.3 Switched Coupled Inductor Based Quasi- Impedance - Source Inverter (SCL- 
qZSI 


This is a modified quasi- Z- source inverter [9] consisting of three capacitors, three diodes and 
an inductor as well as a coupled inductor in place of traditional inductor as shown in Figure 4. 
The operation of SCL — qZSI is similar to that of qZSI but has an ability to produce higher 
voltage gain. There exist two operating modes. They are shoot through and non- shoot through 
mode. Devices of the same phase leg are simultaneously turned ON during the shoot through 
mode and the diodes D2 and D3 conducts while diode D; is in OFF state. The capacitor Ci 
charges the winding N; and N2 parallelly while capacitor C3 gets charged through N3 from C}. 
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This increases the inverter boost factor. In the case of the non- shoot through mode, the diode 
D; 1s in conducting state and D2 and D3 do not conduct. When the windings Ni, N2, N3 along 
with C3 connected in series supply the H — bridge, the capacitors C; and C2 gets charged. Thus, 
with a lower shoot through duty ratio for the same input and output voltage rating can be 
achieved, leading to the reduction of the voltage stress on the components. It has lower inductor 
current ripples in the source and better output voltage quality. But, one of the major limitations 
is that the leakage inductance is present because of the usage of coupled inductor, thereby 
having spikes superimposed on the output dc link voltage, thus reducing the quality of the 
waveform. 





oe ~ 














Figure 4 Circuit topology of the SCL-qZSI inverter 


2.4 Enhanced Boost Quasi- Impedance Source Inverter (EB - qZSI) 


The EB — qZSI consists of a combination of a pair of switched impedance network[13]. The 
number of components is the same in both the configurations but the connection of polarity of 
capacitor C; determines whether it operates with continuous source current(cc) or discontinuous 
source current(dc). EB — qZSI also has both shoot through and non - shoot through modes of 
operations. During the shoot through mode of operation along with the conduction of same 
phase leg devices, the diodes D4 and Ds conducts while the diodes Di, D2 and D3 remain in OFF 
state and the inductors get charged by capacitors. In the non- shoot through mode, the diodes 
D;, D2 and D3 starts conducting and, the diodes D4, Ds gets turned OFF. In this mode, the input 
supply charges the capacitors via inductors and the energy gets transferred to the H- bridge 
from in the inductor. Thus, with a small shoot through ratio the output voltage of the inverter is 
boosted with a high voltage gain value. This implies that the H - bridge can be operated at a 
higher modulation index providing better quality output voltage with reduced total harmonic 
distortion. Apart from high voltage gain, it has a continuous source current, suppressed inrush 
current and reduced the stress across the capacitor. But as the passive components used is 
significantly high in number, the efficiency of the inverter is low at high power. Thus, it is not 
suitable for high power applications. The topology of EB- qZSIs configurations for (a) cc and 
(b) dc are depicted in Figure. 5. 


D 
~ | . 


(a) 
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(b) 


Figure 5 EB- qZSIs configurations for (a) cc and (b) dc 


2.5 Enhanced Boost Active Quasi — Impedance Source Inverter (EB - AqZSI) 


In EB — AqZSI,[14] the number of components of EB — qZSI is reduced by replacing a inductor 
capacitor pair with an active switch and thus it has a switch, a pair of capacitor, a pair of 
inductor and four diodes as given by Fig. 6. Both EB — AqZSI and EB — qZSI has similar 
operation modes. But EB — AqZSI has the same voltage gain with a reduced component count. 
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Figure 7 Topology of the SZSI 


2.6 Switched Impedance Source Inverter (SZSI) 


The SZSI [17] 1s a modified high boost ZSI with reduced active and passive components. Figure 
7 gives the network topology of SZSI. It has one switch, two inductors, three capacitors and 
three diodes. It has three modes of operation 1.e., two continuous current modes and one 
discontinuous current mode. Each mode has different states of operation. The two cases of 
Operation in continuous current mode has two and three states of operation while in 
discontinuous current mode there exists four states of operation. One of the main advantages of 
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this network is with a small value of D, high G value can be achieved but the source and load 
doesn’t share common ground. 


2.7 Switched Boost Quasi — Impedance Source Inverter (SB — qZSI) 


In SB — qZSI, the addition of an active switch enhances the voltage gain [18]. It consists of a 
switch and, a pair of capacitors, inductors and diodes and, the network topology is shown in 
Figure 8. This inverter operates in two modes: shoot through and non — shoot through. In the 
shoot through mode the switch So is in ON state along with the switches of the same phase leg. 
It has higher efficiency and lower capacitor voltage stress and current stress on switch in 
comparison with conventional ZSI. 
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Figure 9 Topology of HG-qSBI continuous input current (cc) 


2.8 High Voltage Gain Quasi — Switched Boost Inverter (HG — qSBI) 


It consists of same number of components as in the case of SB — qZSI but has a higher G value 
and also, lower capacitor voltage stress. The topology of HG — qSBI [19] 1s shown in Figure 9. 
It has three operation modes: one shoot through (ST) mode and two non — shoot through(NST) 
modes. In the ST mode only the H- bridge switches are conducting while the switch So remains 
in OFF condition with reverse biased diode D; and forward biased diode D2. The charging and 
discharging of inductors and capacitors take place during this mode respectively. In the first 
NST mode, the same phase leg H — bridge switches are turned ON separately and So is 
conducting. This mode has forward biased D; and reverse biased D2 with capacitor C2 and Li 
charging and, capacitor C; and L2 discharging. In the second NST mode, So is in OFF state and 
both the diode D; and D2 are conducting with Li and L2 discharging while Ci and C2 are 
charging. For a three — phase system, with an improved PWM technique, high voltage gain is 
achieved for a small D value[20][21]. 
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3. COMPARISON OF VARIOUS TOPOLOGIES 


3.1 Number of Components 


The reduction in number of components used is a key factor in determining the performance of 
the inverter. The greater the number of components the greater are the losses associated with 
them. This leads to poor performance of the inverter. The comparison of various topologies 
depending on the total number of components used is shown in Figure 10. From the Figure 10. 
It 1s evident that both the topologies SB — qZSI and HG — qZSI uses least number of 
components. Though both of them have similar number of components. They differ in their 
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Figure 10 Comparison of different topologies based on number of components used 


3.2 Voltage Gain 

In comparison with the topologies presented here from Figure 11, EB — qZSI, EB — AqZSI and 
HG - SBI has the highest voltage gain with high modulation index. Having a higher M value, 
improves the quality of output voltage of the inverter. Also, in comparison with EB — qZSI and 
EB — AqZSI, HB — SBI uses very less number of components. 


3.3 Boost Factor 

Figure 12. shows the comparison of boost factor of the various topologies corresponding to the 
change in duty ratio. EB — qZSI, EB — AqZSI and HG - SBI has the highest G value with small 
value of D. This effectively reduces the voltage and current stress on the passive components. 
With smaller duty cycle, the modulation index can be increased to achieve better performance 
of the inverter. 
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Figure 11 Voltage Gain Vs Modulation Index 
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Figure 12 Boost Factor Vs Duty cycle 


Table 1 Comparison of Various Impedance and Quasi- Impedance Network Topologies — Based on 
No. of Components Used, Voltage Gain, Boost Factor 


3 
SCL- qZSI 4M —3 1-4D 

1 

EB- qZSI ce 2M2—1 |1—-4D+42D2 
M 1 
M 1 

SBZSI cc iia 1—-3D+D? 
T 


3.4 Voltage and Current Stress 


The stress in the passive and active components of the inverter leads to increased losses in the 
inverter. Thus, minimisation of stress on the component increases the overall system efficiency. 


The comparison of stress on the passive and active components of the inverter is shown in 
Table 2. Also, increased stress on the components, increase the rating of the components 
thereby increasing the cost and size of the inverter. With the reduction in stress, the size and 
cost of the inverter are reduced considerably leading to better power density of the inverter. 
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From Table 2, HG—SBI has lower stress on the passive components both in terms of voltage 
and current. However, the current stress across the active switch is more when compared with 


SB —ZSI. 


Figure 13. shows the key features of impedance and quasi- impedance source inverters. The 
important features observed are high voltage gain, reduced duty cycle, reduced voltage and 
current stress, reduced input current ripple, reduced no. of components. 
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Table 2 Current and Voltage Stress Comparison of Various Impedance and Quasi- Impedance 
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Figure 13 Features of impedance and quasi- impedance source inverters. 


4. CONCLUSION 


This paper summarizes the features of all the topologies discussed for photovoltaic applications. 
Depending on the number of components (both active and passive) the HG — SBI and SBZSI 
are considered to have lowest no. of components. EB — qZSI and HG — SBI has the highest 
value of G and the boost factor. The voltage and current stress across the components are found 
to be lower in SB — ZSI and HG — SBI. qZSI, EB- qZSI cc, SB — ZSI and HG — SBI has 
continuous source current and the input and output has a common ground. Therefore, the HG 
— SBI considered has the high value of voltage gain along with the reduced number of 
components with reduced input current ripple, suppressed inrush current and better efficiency 
in comparison with SZSC, SCL- qZSI, EB- qZSI cc, EB- qZSI dc, EB - qZSI and SB — ZSI. By 
improving the PWM techniques used for HB — SBI, a very high voltage gain with much smaller 
duty cycle can be obtained thereby making them suitable for photovoltaic applications. 


REFERENCES 


[1] F. Z. Peng, “Z-source inverter,’ IEEE Trans. Ind. Appl., vol. 39, no. 2, pp. 5|04—510, Mar./Apr. 
2003. 


[2] J. Anderson and F. Peng, “A class of quasi-Z-source inverters,” 1n Proc. [IEEE Ind. Appl. Soc. 
Meeting, 2008, pp. 1-7. 


[3] J.Anderson and F. Z. Peng, “Four quasi-Z-source inverters,” in Proc. IEEE Power Electron. 
Spec. Conf., Jun. 2008, pp. 2743-2749. 


[4] O. Husev et al., "Comparison of Impedance-Source Networks for Two and Multilevel Buck— 
Boost Inverter Applications," IEEE Trans. Power Electron., vol. 31, no. 11, pp. 7564-7579, Nov. 
2016. 

[5S] B. Axelrod, Y. Berkovich, and A. Ioinovici, ~*Switched- capacitor/switched-inductor structures 


for getting transformerless hybrid DC_DC PWM converters," IEEE Trans. Circuits Syst. I, 
Fundam. Theory Appl., vol. 55, no. 2, pp. 687_696, Mar. 2008. 


https:/Aaeme.com/Home/journal/IJEET editor @iaeme.com 


[6] 


[7] 


[3] 


[9] 


[10] 


[11] 


[12] 


[13] 


[14] 


[13] 


[16] 


[17] 


[18] 


[19] 


[20] 


[21] 


S. Devi and R. Seyezhai 


Y. Tang, S. Xie, C. Zhang, and Z. Xu, “Improved Z-source inverter with reduced Z-source 
capacitor voltage stress and soft-start capability," IEEE Trans. Power Electron., vol. 24, no. 2, 
pp. 409_415, Feb. 2009. 


M. Zhu, K. Yu, and F. L. Luo, “Switched inductor Z-source inverter,” [IEEE Trans. Power 
Electron., vol. 25, no. 8, pp. 2150—2158, Aug. 2010. 


L. Pan, “L-Z-source inverter,” IEEE Trans. Power Electron., vol. 29, no. 12, pp. 6534-6543, 
Dec. 2014. 


M.-K. Nguyen, Y.-C. Lim, and G.-B. Cho, “Switched-inductor quasi- Z-source inverter,” IEEE 
Trans. Power Electron., vol. 26, no. 11, pp. 3183-3191, Nov. 2011. 


M. K. Nguyen, Y. C. Lim and J. H. Choi, "Two switched-inductor quasi-Z-source inverters," 
IET Power Electron.,vol. 5, no. 7, pp. 1017-1025, August 2012. 


Y. Tang, T.Wang, and Y. He, “A switched-capacitor-based active-network converter with high 
voltage gain," IEEE Trans. Power Electron., vol. 29, no. 6, pp. 2959_2968, Jun. 2014. 


A. V. Ho, J. S. Hyun, T. W. Chun, and H. H. Lee, “Embedded quasi- Z-source inverters based 
on active switched-capacitor structure,” in Proc. IEEE 42nd Annu. Conf. IEEE Ind. Electron. 
Soc., 2016, pp. 3384-3389. 


A. V. Ho, S. G. Yang, T. W. Chun, and H. H. Lee, “Topology of modified switched-capacitor 
Z-source inverters with improved boost capability,” in Proc. IEEE Appl. Power Electron. Conf. 
Expo., 2017, pp. 685-689. 


M.-K. Nguyen, Y.-C. Lim, and S.-J. Park, “Improved trans-Z-source inverter with continuous 
input current and boost inversion capability,” IEEE Trans. Power Electron., vol. 28, no. 10, pp. 
4500-4600, Oct. 2013. 


M. K. Nguyen, T. V. Le, S. J. Park, Y. C. Lim, and J. Y. Yoo, “Class of high boost inverters 
based on switched-inductor structure,” IET Power Electron., vol. 8, no. 5, pp. 750-759, May 
2015. 


F. Ahmed, H. Cha, S.-H. Kim, and H.-G. Kim, “A high voltage gain switched-coupled-inductor 
quasi-Z-source inverter,” in Proc. IEEE Int. Power Electron. Conf., May 2014, pp. 480-484. 


M.-K. Nguyen, T.-D. Duong, and Y.-C. Lim, ~Switched-capacitor-based dual-switch high- 
boost DC_DC converter," [EEE Trans. Power Electron., vol. 33, no. 5, pp. 4181_4189, May 
2018. 


K. Deng et al., “Novel switched-inductor quasi-Z-source inverter,” J. Power Electron., vol. 14, 
no. 1, pp. 11-21, Jan. 2014. 


H. Liu, Y. Ji and P. Wheeler, "Coupled-Inductor L-Source Inverter," IEEE J. Emerging Sel. 
Topics Power Electron.,vol. 5, no. 3, pp. 1298-1310, Sept. 2017. 


M. Zhu and F. L. Luo, “Series SEPIC implementing voltage lift technique for dc-dc power 
conversion,” IET Power Electron., vol. 1, no. 1,pp. 109-121, Mar. 2008. 


H. F. Ahmed, H. Cha, S. H. Kim and H. G. Kim, "Switched-Coupled-Inductor Quasi-Z-Source 
Inverter," [EEE Trans. Power Electron., vol. 31, no. 2, pp. 1241-1254, Feb. 2016. 


https:/Aaeme.com/Home/journal/IJEET editor@iaeme.com 


[22] 


[23] 


[24] 


[25] 


[26] 


[27] 


[28] 


[29] 


[30] 


[31] 


[32] 


[33] 


[34] 


[35] 


[36] 


[37] 


Impedance Source Inverter Topologies for Photovoltaic Applications — A Review 


C. J.Gajanayake, L. F. Lin, G. Hoay, S. P. Lam, and S. L. Kian, “Extended boost Z-source 
inverters,” IEEE Trans. Power Electron., vol. 25, no. 10, pp. 2642—2652, Oct. 2010. 


H. Fathi and H. Madadi, “Enhanced-boost Z-source inverters with switched Z-impedance,” 
IEEE Trans. Ind. Electron., vol. 63, no. 2, pp. 691—703, Feb. 2016. 


V. Jagan, J.Kotturu, and S.Das, “Enhanced — boost quasi - Z — inverters with two switched 
impedance network,” IEEE Trans. Ind. Electron., vol. 64, no.9, pp.6885-6897, Sept. 2017. 


Y.W. Gu, Y. F. Chen, and B. Zhang “Enhanced — boost quasi — Z- source inverter with an active 
switched Z- network,” IEEE Trans. Ind. Electron., vol. 65, no. 10, pp 8372 -8381, Oct. 2018. 


A.-V. Ho, T.-W. Chun, and H.-G. Kim, ~*Extended boost active-switched capacitor/switched- 
inductor quasi-Z-source inverter," [EEE Trans. Power Electron., vol. 30, no. 10, pp. 5681_5690, 
Oct. 2015. 


E. Babaei and E. S. Asl, “High voltage gain half-bridge Z-source inverter with low voltage stress 
on capacitors,” IEEE Trans. Ind. Electron., vol. 64, no. 1, pp. 191-197, Jan. 2017. 


E. Babaei, E. S. Asl, and M. H. Babayi, “Steady-state and small-signal analysis of high-voltage 
gain half-bridge switched boost inverter,” [EEE Trans. Ind. Electron., vol. 63, no. 6, pp. 3546— 
3553, Jun. 2016. 


E.S. Asl, E. Babaei, andM. Sabahi, “High voltage gain half-bridge quasi switched boost inverter 
with reduced voltage stress on capacitors,” IET Power Electron., vol. 10, no. 9, pp. 1095-1108, 
Jul. 2017. 


I.Shen, B. Zhang, and D. Qiu, “Hybrid Z-source boost DC_DC converters," [EEE Trans. Ind. 
Electron., vol. 64, no. 1, pp. 310-319, Jan. 2017. 


M. M. Haji-Esmaeili, E. Babaei, and M. Sabahi, “High step-up quasi-Z source DC_DC 
converter," IEEE Trans. Power Electron., vol. 33, no. 12, pp. 10563_10571, Dec. 2018. 


T. Takiguchi and H. Koizumi, ~*Quasi-Z-source DC-DC converter with voltage-lift technique," 
in Proc. 39th Annu. Conf. Ind. Electron. Soc., 2013,pp. 1191_1196. 


J. Liu, J. Wu, J. Qiu, and J. Zeng, *‘Switched Z-source/quasi-Z-source DC-DC converters with 
reduced passive components for photovoltaic systems,’’ IEEE Access, vol. 7, pp. 40893-40903, 
2019. 


M. H. B. Nozadian, E. Babaei, S. H. Hosseini, and E. S. Asl, “Steady-state analysis and design 
considerations of high voltage gain switched Z-source inverter with continuous input current,” 
IEEE Trans. Ind. Electron., vol. 64, no. 7, pp. 5342-5350, Jul. 2017. 


M. K. Nguyen, T. V. Le, S. J. Park, and Y. C. Lim, “A class of quasi switched boost inverters,” 
IEEE Trans. Ind. Electron., vol. 62, no. 3, pp. 1526-1536, Mar. 2015. 


M. K. Nguyen, Y. C. Lim, and S. J. Park, “A comparison between single phase quasi-Z-source 
and quasi-switched boost inverters,” IEEE Trans. Ind. Electron., vol. 62, no. 10, pp. 6336-6344, 
Oct. 2015. 


Anish Ahmad, Vinod Kumar Bussa, “Switched-Boost Modified Z-Source Inverter Topologies 
with Improved Voltage Gain Capability” IEEE Journal of Emerging and Selected Topics in 
Power Electronics, vol. 6, no.4, pp. 2227 — 2244, Dec. 2018. 


https:/Aaeme.com/Home/journal/IJEET editor@iaeme.com 


[38] 


[39] 


[40] 


[41] 


[42] 


[43] 


S. Devi and R. Seyezhai 


A. V. Ho, S. G. Yang, T. W. Chun, and H. H. Lee, “Topology of modified switched-capacitor 
Z-source inverters with improved boost capability,” in Proc. IEEE Appl. Power Electron. Conf. 
Expo., 2017, pp. 685-689. 


M. K. Nguyen, T. D. Duong, Y. C. Lim and J. H. Choi, "High Voltage Gain Quasi-Switched 
Boost Inverters with Low Input Current Ripple," IEEE Trans. Ind. Informat., vol. 15, no. 9, pp. 
4857-4866, Sept. 2019. 


P. C. Loh, D. Vilathgamuva, Y. S. Lai, G. Chua, and Y. Li, “Pulse-width modulation of Z- 
source inverters,’ IEEE Trans. Power Electron., vol. 20, no. 6, pp. 1346—1355, Nov. 2005. 


A. Ravindranath, S.K. Mishra, and A. Joshi, “Analysis and PWM control of switched boost 
inverter,” IEEE Trans. Power Electron., vol. 60, no. 12, pp. 5593-5602, Nov. 2013. 


Truong-Duy Duong; Minh-Khai Nguyen; Young-Cheol Lim; Joon-Ho Choi; D. Mahinda 
Vilathgamuwa, “A Comparison Between Quasi-Z-Source Inverter and Active Quasi-Z-Source 
Inverter,’ 2019 10th International Conference on Power Electronics and ECCE Asia (ICPE 
2019 - ECCE Asia), Aug. 2019. 


J. Li, J. Liu and Z. Liu, "Loss Oriented Evaluation and Comparison of Z-Source Inverters Using 
Different Pulse Width Modulation Strategies," in Proc. 28th IEEE Applied Power Electronics 
Conference and Exposition (APEC), Washington, DC, 2009, pp. 851-856. 


https:/Aaeme.com/Home/journal/IJEET editor@iaeme.com 


